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Theoretical life modelsAbstract With the recent products being more reliable, engineers cannot obtain enough failure or
degradation information through the design period and even the product lifetime, therefore, accel-
erated life test (ALT) has become the most popular way to quantify the life characteristics of prod-
ucts. Test design is the most essential topic, such as testing duration, stress proﬁle, data inference,
etc. In this paper, a method and procedure based on theoretical life models is proposed to determine
the accelerated stress proﬁle. Firstly, the method for theoretical life calculation is put forward based
on the main failure mechanism analysis and the theoretical life models. Secondly, the method is pro-
vided to determine the accelerated stress proﬁle, including the method to determine the accelerated
stress types and the stress range on the basis of the main failure mechanism analysis, the method to
determine the acceleration factor and the accelerated stress level based on life quantitative calcula-
tion models, and the collaborative analysis method of the accelerated test time while taking the mul-
tiple failure mechanisms into consideration. Lastly, the actuator is taken as an example to describe
the procedure of the method and the engineering applicability and the validity are veriﬁed.
ª 2015 The Authors. Production and hosting by Elsevier Ltd. on behalf of CSAA & BUAA. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Life quantitative calculation and accelerated life tests (ALTs)
design are the common problems of life analysis and experi-
mental evaluation for mechanical and electromechanicalproducts. The working procedure is complex and the failure
is always caused by multiple mechanisms. Under the above
condition, the acceleration factor is difﬁcult to determine when
ALT is carried out under multiple stresses.1 So it is very mean-
ingful to develop a new method to determine the accelerated
stress proﬁle of ALT for the long-life mechanical and elec-
tromechanical products.
Traditional methods are based on the statistical methods2–7
to determine the acceleration factor, namely using regression
models to ﬁt the experimental data. These methods demand lit-
tle on the individuality of products, but need a large quantity
of test samples and measurement points under the accelerated
stresses. So the actual scope and effect of these methods are
limited for the expensive mechanical and electromechanical
products. To solve this problem, on the basis of previous
730 Y. Chen et al.researches, a method based on theoretical life models is pro-
posed to determine the accelerated stress proﬁle. The accelera-
tion factor is calculated based on mechanism models of the
weaknesses of the aerospace motor.8 The acceleration factor
of rubber seals is obtained based on the Archard model and
the test data.9 The accelerated aging test method and the life
prediction method are proposed for polymeric materials,10
and the results can be used to acquire the acceleration factor
at the temperature stress for polymeric materials. The match
between aerodynamic loads and motor loads on the engine is
researched from the perspective of multi-parameter.11
In this paper, a method and procedure based on theoretical
life models is proposed to determine the accelerated stress pro-
ﬁle of ALT for the mechanical and electromechanical prod-
ucts, and the mechanism synergy is considered on the basis
of main failure mechanism analysis and the theoretical life cal-
culation. An effective method is provided for life analysis of
long-life products and the determination of the accelerated
stress proﬁle in the accelerated life veriﬁcation test.2. Determination method of accelerated stress proﬁle based on
theoretical life models
Based on theoretical life models, a method is proposed to
determine the accelerated stress proﬁle in ALT for mechani-
cal and electromechanical products. Firstly, according to
the design information and the load information of products,
on the basis of the theory of generalized stress intensity and
the principle of the cumulative damage, the life of weaknesses
and the acceleration factors at different stress levels can be
calculated using theoretical life models. Secondly, the com-
prehensive acceleration factor can be obtained based on the
criteria of the smallest standard deviation for the accelerate
factors at different stress levels and the smallest acceleration
factor. Lastly, according to the load capacity of the test
equipment, the accelerated stress proﬁle can be determined.
Two steps are concluded in this method: the research of the-
oretical life models and the determination of the stress proﬁle
in ALT.
(1) The research of theoretical life models: ﬁrstly, with the
structural composition and functional principles of
products and the stress types in the whole life cycle,
the main failure mechanism analysis is carried out; sec-
ondly, with the results of the main failure mechanism
analysis, the life of weaknesses and the acceleration fac-
tors at different stress levels can be calculated using the-
oretical life models which is deduced from the
mechanism models.
(2) The determination of the accelerated stress proﬁle in
ALT: ﬁrstly, according to the results of the main failure
mechanism analysis, with the theoretical life calculation
models, the operating limits of products and the load
capacity of the test equipment, the stress types and the
stress range can be determined; secondly, with the life
theoretical calculation results of the weaknesses, accord-
ing to the criteria of the smallest standard deviation for
the accelerate factors at different stress levels and the
smallest acceleration factor, the comprehensive accelera-
tion factor and the accelerated stress level can bedetermined. Lastly, under the consideration of collabo-
rative analysis of depletion failure mechanisms, the
accelerated test life can be calculated.
3. Theoretical life models
3.1. Main failure mechanism analysis
The depletion failure is the key mechanism for mechanical and
electromechanical products in the whole life cycle. The main
failure mechanism analysis is a qualitative analysis method.
On the basis of the structural composition and functional prin-
ciples of products, the stress types and mission proﬁles during
the whole life cycle, weaknesses of products and the failure
mechanisms of weaknesses can be determined. According to
the severity and the frequency of occurrence of failure modes,
the thought of FMMEA (failure mode, mechanisms and
effects analysis)12 is used to determine weaknesses of products
and the main failure mechanisms of weaknesses in this paper.
The procedure of the main failure mechanism analysis is
shown in Fig. 1.
Based on the main failure mechanism analysis, the mapping
relationships can be obtained as Fig. 2 between weaknesses of
products (VP), the main failure mechanisms (PM) and the sen-
sitive stresses (MS).
3.2. Life quantitative calculation models
With results of the main failure mechanism analysis, the life of
weaknesses can be calculated by theoretical life models. The
models are obtained from empirical models or mechanism
models. When the life models are obtained from the mecha-
nism models, the mechanism models is expressed as
mcp ¼ fðM;S;O; lcpÞ ð1Þ
where mcp is the failure mechanism characteristic quantity (the
crack length is for fatigue, the wear volume for wear, the com-
pression for aging, and the corrosion rate for corrosion),M the
material parameter set, S the stress parameter set, O other
parameter set (such as stress constants etc.), and lcp the life
characteristic quantity; different types of failure mechanisms
correspond to different life characteristic quantities (fatigue
is for cycles, wear for conversions or working hours, and aging
for working hours)13. Eq. (2) can be obtained.
lcp ¼ gðM;S;O;mcpÞ ð2Þ
Eq. (2) is the life model obtained from the mechanism
model. When the life is calculated for the failure mechanisms
of weaknesses, the parameters in Eq. (2) can be divided into
the material parameter set M, the stress parameter set S, the
structure parameter set J, the sectional parameter set P, the
threshold parameter set Y and other parameter set O. The
Eq. (3) can be obtained.
l ¼ hðM;S; J;P;Y;OÞ ð3Þ
For the ith weakness VPi, suppose that there are j main failure
mechanisms PMi;PM2; . . . ;PMj
 
, and the life values of main
failure mechanisms can form one n-dimensional column vector
L ¼ ½li1 li2 . . . lijT:
Fig. 1 Procedure of main mechanism analysis.
Fig. 2 Mapping relationships between weaknesses, main mech-
anisms and sensitive stresses.
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According to the criterion of the weakest ring, the life of the
ith weakness can be expressed as
li ¼ min li1; li2; . . . ; lij
  ð5Þ
The life quantitative calculation models of depletion mech-
anisms for mechanical and electromechanical products are
expressed as follows:
(1) Fatigue life models: mainly include Basquin model, T–K
model and Cofﬁn–Manson model etc.
(2) Wear-out life model: mainly include Archard model,
Rabinowicz model and Halling–Finkin model etc.
(3) Aging life model: mainly include kinetic model, Maxwell
model and Tobolsk model etc.
(4) Corrosion life model: mainly include constant speed oxi-
dation model, parabolic oxidation model and humidity
stress corrosion model etc.
732 Y. Chen et al.4. Determination of accelerated stress proﬁle
According to the criterion of the smallest standard deviation
for the acceleration factors at different stress levels and the cri-
terion of the smallest acceleration factor, the comprehensive
acceleration factor can be obtained, meanwhile, the acceler-
ated stress level and the stress proﬁle can be determined.
4.1. Determination of accelerated stress types and stress range
Supposing that there are m weaknesses fVP1;VP2; . . . ;VPmg
and n main failure mechanisms fPM1;PM2; . . . ;PMng, the
stress space of ALT is Slm ¼ ðSlm1 [ Slm2 [ . . . [ SlmnÞ ¼
fs1; s2; . . . ; spg, where si is the ith stress type and
si 2 ½simin; simax, which is determined by theoretical life models,
where Slmi is the stress parameter set in the life models corre-
sponding to the ith main failure mechanism and sj the jth stress
type. Limited by the load capacity of the test equipment,
the actual stress space of ALT is Saa ¼
ðSaa1 [ Saa2 [ . . . [ SaanÞ ¼ fs1; s2; . . . ; skg#Slm (k is the num-
ber of stress types operated by the test equipment, k 6 p),
where Saai is the actual stress parameter set for the life models
corresponding to the ith main failure mechanism.
According to the operating limits of products and the load
capacity of the test equipment, the stress range in the actual
stress space of ALT can be determined as si 2 ½simin; simax,
ð1 6 i 6 kÞ ,where simin and simax are respectively the minimum
stress and the maximum stress of the ith stress type.
4.2. Determination of acceleration factor and accelerated stress
level
In this paper, the deﬁnition for the acceleration factor is
described as follows: the acceleration factor is the ratio of
the life corresponding to different stress spectra at the same
cumulative damage based on the life models and the theory
of the cumulative damage. The formula of the acceleration fac-
tor is described as
Af ¼ lDC=lDH ð6Þ
where Af is the acceleration factor; lDC and lDH are life values
under the normal stress spectrum and the accelerated stress
proﬁle at the damage of damage value D respectively.
4.2.1. Calculation of acceleration factor matrix
As are described in the Section 4.1, there are m weaknesses
fVP1;VP2; . . . ;VPmg and n main failure mechanisms
fPM1;PM2; . . . ;PMng. With the results of Section 4.1, the
stress space of ALT is Saa ¼ ðSaa1 [ Saa2 [ . . . [ SaanÞ ¼
fs1; s2; . . . ; skg. According to the actual working condition of
products and the load capacity of the test equipment, the r
stress levels of ALT can be selected as ðS1;S2; . . . ;SrÞ from
the stress space and the stress range of ATL. Under normal cir-
cumstances, the actual working condition should be consid-
ered, when the stress level is determined. The actual working
condition is obtained from the normal stress proﬁle. The accel-
eration factor matrix can be calculated by Eq. (6) as m n
matrix considering the n main failure mechanisms at r stress
levels. The acceleration factor matrix isAf11 Af12    Af1r
Af21 Af22    Af2r
..
. ..
. ..
.
Afn1 Afn2    Afnr
2
66664
3
77775
where Afxy is the acceleration factor of the xth failure mecha-
nism at the yth stress level ð1 6 x 6 n; 1 6 y 6 rÞ.
4.2.2. Determination of accelerated stress level
The acceleration factor standard deviations at r stress levels
can be respectively calculated as follow.
rAF ¼ 1
n
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃXn
x¼1
Afxy  1
n
Xn
x¼1
Afxy
 !" #2vuut ð1 6 y 6 rÞ ð7Þ
where rAF is the acceleration factor standard deviation.
The stress level of ALT is the one that corresponds to the
row in the acceleration factor matrix where rAF is minimum
and the stress level can be described as Sjð1 6 j 6 rÞ.
4.2.3. Determination of acceleration factor
According to the criterion of the smallest acceleration factor at
the stress level of Sj, suppose the acceleration factor of the qth
failure mechanism is the minimum.
Afqi ¼ min Af1j;Af2j; . . . ;Afnj
  ð8Þ
The acceleration factor of ALT is given as
Af ¼ Afqj ð9Þ4.3. Collaborative analysis of accelerated test time under
multiple failure mechanisms
With the acceleration factor and the accelerated stress level,
considering the normal stress proﬁle and the life indicators
required, the accelerated test time can be determined. With
the results of the main failure mechanism analysis, the failure
of products may be caused by multiple depletion failure mech-
anism. The working ratios of mechanisms are different during
operation, for example, the fatigue and wear-out will occur
when products is working and the aging and corrosion, related
to the working environment, will always exit whether products
are working or not. According to the above, the mechanisms
should be treated in different ways. Firstly, the initial acceler-
ated test time can be determined as tH0 by the fatigue and the
wear-out. Secondly, according to the non-working mecha-
nisms, such as aging and corrosion, the correspondence
between the potentially existing stress types and time should
be provided within the scope of the temperature environment.
Lastly, considering the collaborative analysis combining with
the initial acceleration test time, the ﬁnal accelerated test time
can be calculated and the stress proﬁle of ALT can be
determined.
4.3.1. Determination of initial test time based on fatigue and
wear-out
Considering the normal stress proﬁle, various working condi-
tions usually exit for the fatigue and wear-out, and working
cycles will be provided for every working condition. The deter-
mination of the initial test time is shown as follows:
Table 1 Normal stress proﬁle.
Condition Stress (%) Stroke (%) Frequency (Hz) Cycle
1 0 100 0.10 3600
2 50 100 0.05 7200
3 90 75 0.05 18000
4 50 50 0.07 90000
5 10 10 0.10 216000
6 5 2 0.12 1440000
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ation factor Af.
Under the condition of the number of total cycles and stress
levels unchanged, the accelerated stress proﬁle can be obtained
by decreasing the cycle number at low stress levels and increas-
ing the cycle number at high stress levels. The accelerated stress
proﬁle can be calculated with the acceleration factor by the life
models of the fatigue failure mechanism and the wore-out fail-
ure mechanism. Because the accelerated stress proﬁle is deter-
mined by the qth failure mechanism PMq ð1 6 q 6 nÞ
corresponding to Af, whose damage is Af times of the damage
under the normal stress proﬁle, and the damages of other n  1
failure mechanisms are larger than Af times of the damage
under the normal stress proﬁle, the accelerated stress proﬁle
should be adjusted based on the criterion of the smallest stan-
dard deviation of accumulative damage times between the
accelerated stress proﬁle and the normal stress proﬁle for the
n failure mechanisms.
(2) Determination of accelerated stress proﬁle cycle
number.
Considering the normal stress proﬁle cycle number and the
acceleration factor, the accelerated stress proﬁle cycle number
can be calculated as
NH ¼ NC=Af ð10Þ
where NH and NC are the accelerated stress proﬁle cycle num-
ber and the normal stress proﬁle cycle number respectively.
(3) Determination of test time for a cycle of stress proﬁle.
The cycle number at the ith stress level within one cycle of
the stress proﬁle can be calculated as
ni0 ¼ ni=AfNH ð11Þ
where ni0 is the cycle number at the ith stress level within one
cycle of the stress proﬁle, and ni the total cycle number at the
ith tress level. Supposing that the frequency of the ith stress
level is fi0ð1 6 i 6 rÞ, the test time for one cycle of the stress
proﬁle can be calculated as
t0 ¼
Xr
i¼1
ni0
fi0
ð12Þ
(4) Determination of initial accelerated test time.
Considering the dispersion of products, when the durability
test stress proﬁle, called severe spectrum which is harsher than
the working condition, is carried out, the dispersion coefﬁcient
K in ALT is smaller than the normal stress proﬁle.14 The dis-
persion coefﬁcient is K= 1.2–1.5 in this paper.
tH0 ¼ KNHt0 ð13Þ
Considering the dispersion coefﬁcient of products, the
accelerated stress proﬁle cycle number can be calculated as
N0H ¼ KNH ð14ÞFig. 3 Temperature proﬁle of normal stress proﬁle.4.3.2. Determination of ﬁnal test time based on non-working
mechanisms
The test time based on the aging and corrosion failure mecha-
nisms can be calculated by Eq. (15).
tH1 ¼ Ktr
Af1
ð15Þ
where tH1 is the test time based on the aging and corrosion
mechanisms, tr the life indicator value and Af1 the accelerationfactor calculated by the life models of the aging and corrosion
failure mechanisms. tH1 can be calculated at different stress
levels and then the acceleration stress level for the aging and
corrosion failure mechanisms can be determined, where the
test time is minimum among different stress levels and is the
closest to tH0 at the same time.
Considering those mentioned above, the acceleration stress
level and the ﬁnal test time of ALT can be determined and the
ﬁnal accelerated test time is tH ¼ tH0. Then, the stress proﬁle of
ALT can be determined.
5. Case study
Taking the actuator as an example, the determination method
for the stress proﬁle of ALT will be obtained based on the
results of the theoretical life calculations.
5.1. Introduction of productions
The actuator is made up of the comprehensive controller
assembly, the feedback lever assembly and the actuating cylin-
der components. The working stress types are the stress which
is used to drive the aircraft aileron, the stroke, the oil temper-
ature and the frequency, and the stress, the oil temperature and
the frequency can be accelerated by ALT. Considering the
users need and the design requirements, the normal stress pro-
ﬁle is shown in Table 1. The data of the stresses and strokes
refer to the percentage of the maximum working load.
Considering the working ratio during the whole life cycle,
the temperature proﬁle is shown in Fig. 3. One cycle can be
divided into 10 parts. Part 2 and Part 8 have the highest tem-
perature of 108 C, Part 3 has the lowest temperature of
10 C and others are normal atmospheric temperature of
38 C. The temperature under the non-working condition is
38 C.
5.2. Main mechanism analysis
According to the main failure mechanism analysis procedure
in the Fig. 1, the function analysis and structure analysis can
Table 2 Results of main mechanism analysis.
No. Weakness Main
mechanism
Sensitive
stress
1 Cylinder Cylinder
crack
Fatigue Stress
2 Spool Seal morph Seal aging Oil
temperature
3 Flat
valve
Cup wear Adhesive wear Stroke
..
. ..
. ..
. ..
. ..
.
734 Y. Chen et al.be carried out for the actuator, and the potential depletion fail-
ure mechanism exiting during the whole life cycle can be deter-
mined. The weaknesses of products and the main failure
mechanism types can be determined by the main failure mech-
anism analysis method. The results are shown in Table 2.
5.3. Calculation of life and acceleration factor of weaknesses
With the main failure mechanism analysis results in the
Table 2, the life and the acceleration factors can be calculated
by the theoretical life models corresponding to the different
depletion failure mechanisms.15–19 The calculation results are
shown in Table 3.Table 3 Life and acceleration factors of weaknesses.
No. Weaknesses Results of life
1 Cylinder Cylinder crack 128.56 (safety
2 Spool Seal morph 4190
3 Flat valve Cup wear 20005.6
..
. ..
. ..
. ..
.
Table 4 Acceleration stress level of stress and stroke.
No. Weakness Main
mechanism
Acceleration factor
90% stress
100% stroke
90% stres
75% strok
1 Cylinder Cylinder
crack
Fatigue 3.42 20.45
2 Spool Seal
morph
Seal aging
3 Flat
valve
Cup wear Adhesive
wear
14.83 11.12
..
. ..
. ..
. ..
. ..
. ..
.5.4. Determination of stress proﬁle of ALT
5.4.1. Initial determination of accelerated stress level
According to the criterion of the smallest standard deviation
for the accelerate factors at different levels and the criterion
of the smallest acceleration factor, with the acceleration factor
calculation results of the weaknesses in the Table 3, and the 6
actual stress levels in the Table 1, considering 3 stress levels as
the acceleration stress level, the acceleration factor is deter-
mined as Af ¼ 3:42. Simultaneously, the acceleration stress
level of the stress and the stroke can be initially determined
as Table 4.
After the accelerated test time is initially determined, the
high stress level is comprehensively determined on the basis
of the fatigue failure mechanism and the wear-out failure
mechanism.
5.4.2. Determination of initial test time based on fatigue and
wear-out working mechanisms
On the premise that 6 conditions in Table 1 are retained, with
the results in Table 4, the acceleration stress level can be ini-
tially determined. Under the condition of the total cycle num-
ber unchanged, this method decreases the cycle number of low
stress levels and increases the cycle number of the working con-
dition 3 to make sure that the acceleration factor is 3.42. The
initial accelerated stress proﬁle is shown in Table 5.(h) Results of acceleration factors
factor) The factor at 90% of the stress is Af11 ¼ 20:54
The factor at 50% of the stress is Af12 ¼ 3:42
The factor at 110 C of temperature is Af21 ¼ 23:16
The factor at 100 C of temperature is Af22 ¼ 12:2
The factor at 90 C of temperature is Af23 ¼ 6:21
The factor at 80 C of temperature is Af24 ¼ 3:04
The factor at 70 C of temperature is Af25 ¼ 1:43
The factor at 100% of the stroke is Af31 ¼ 14:83
The factor at 75% of the stroke is Af32 ¼ 11:12
The factor at 50% of the stroke is Af33 ¼ 4:41
The factor at 10% of the stroke is Af34 ¼ 1:48
..
.
Comprehensive
acceleration factor
Acceleration
stress level
s
e
50% stress
50% stroke
3.42 Af ¼ 3:42 50% stress
7.41 50% stroke
..
. ..
.
Table 5 Initial accelerated stress proﬁle.
No. Stress (%) Stroke (%) Frequency (Hz) Cycle
1 0 100 0.10 34
2 50 100 0.05 67
3 90 75 0.05 167
4 50 50 0.07 15010
5 10 10 0.10 1121
6 5 2 0.12 38
Total 16437
Note: Test time is 2417 h (591732 cycles).
Table 6 Accelerated stress proﬁle.
No. Stress
(%)
Stroke
(%)
Frequency (Hz) Cycles
(integer)
1 0 100 0.30 17
2 50 100 0.15 33
3 90 75 0.15 613
4 50 50 0.21 5848
5 10 10 0.30 457
6 5 2 0.36 1143
Total 811
Note: Total time is 328.08 h (259552 cycles).
Table 7 Acceleration factors and test time at different oil
temperatures (K= 1.5).
Oil temperature (C) Acceleration factor Test time (h)
105 16.87 444.13
104 15.84 473.59
103 14.85 505.18
Table 8 Final accelerated stress proﬁle.
No. Stress
(%)
Stroke
(%)
Frequency
(Hz)
Oil
temperature
(C)
Cycles
(integer)
1 0 100 0.30 104 17
2 50 100 0.15 33
3 90 75 0.15 613
4 50 50 0.21 5848
5 10 10 0.30 457
6 5 2 0.36 1143
Total 8111
Note: Total time is 492.12 h (389328 cycles).
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of the cylinder is 3.42 and the wear-out failure acceleration fac-
tor of the cup and ﬂat valve is 6.2. On the basis of the weakest
ring criterion, the acceleration factor is 3.42.
There are 108 cycles during the normal stress proﬁle, so the
number of cycle for ALT is 108=3:42 ¼ 32. The number cycle
at the ith condition during one cycle accelerated stress proﬁle is
described as
ni0 ¼ ni
3:42 32 ð16Þ
where ni0 and ni are the number cycles at the ith conditions
during one cycle accelerated stress proﬁle and during one cycle
normal stress proﬁle, respectively.
The accelerated stress proﬁle can be expressed in Table 6.
Considering the dispersion of products, the dispersion coef-
ﬁcient is K= 1.5, and the actual number of cycle for ALT is
32 1:5 ¼ 48. The initial total test time is
328:05 1:5 ¼ 492:12 h.
5.4.3. Determination of ﬁnal test time based on aging and
corrosion
In addition, considering the temperature proﬁle, since the
working time of the actuator is not the working time of the
spool corresponding to the aging life of the seal, the acceler-
ated test time of aging should be separately calculated and
the accelerated stress level of the oil temperature and the accel-
erated test time should be comprehensively determined based
on the acceleration factors and the test time at different stress
levels.20,21 The acceleration factors and the test time at differ-
ent oil temperatures are shown in Table 7.
To ensure that the acceleration life test time is consistent,
the calculation result is smaller than initial calculated test time492.12 h and the nearest oil temperature is 104 C. The high
stress level of oil temperature is 104 C.
5.4.4. Final determination of accelerated stress proﬁle
In summary, the ﬁnal accelerated stress proﬁle of the actuator
is shown in Table 8. Considering the life indicators required in
the normal stress proﬁle in the Table 1 and the dispersion of
products, the number of cycles for the accelerated stress proﬁle
is 32 1:5 ¼ 48 and the acceleration life test total time is
492.12 h.6. Conclusions
On the basis of engineering problems in the life analysis and
experimental evaluation for long-life products, a method and
procedure is proposed to determine the stress proﬁle of ALT
for mechanical and electromechanical products. The main con-
clusions are shown as:
(1) A new method and procedure is proposed based on the-
oretical life models to determine the stress proﬁle of
ALT for mechanical and electromechanical products
under multiple stresses and failure mechanisms.
(2) A new main failure mechanism analysis method is set up
to determine the potential depletion failure mechanism
exiting during the whole life cycle.
(3) A new method is established to determine the accelera-
tion stress level and the acceleration factor. The acceler-
ation stress level is determined based on the principle of
the smallest standard deviation for the accelerate factors
at different stress levels and the acceleration factor is
determined based on the short board principle.
(4) A new method is proposed to determine the acceleration
life test time under the consideration of the coordination
synergy of multiple stresses and failure mechanisms.
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